
CASE F I L E  

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

TECHNICAL NOTE 3088 

DETERMINATION OF THE FLYING QUALITES O F  THE 

DOUGLAS DC-3 AIRPLANE 

By Ar thur  Assadourian and John A. Harper 

Langley Aeronautical Laboratory 
Langley Field, Va. 

I 



1G 

, 

Y' 

NATIONAL ADVISORY COMMITTEE FOR mRONAUTICS 

TECRNICAL NOTE 3088 

DETERMINATION OF THE FLYING QUALITIES OF THE 

DOUGLAS DC-3 AIRPLANE 

By Arthur Assadourian and John A .  Harper 

SUMMARY 

Flying qua l i t i es  of the Douglas DC-3 a i rplane have been evaluated 
from a series of f l i gh t  tes ts  which were conducted t o  determine t h e  
longitudinal and la teral  s t a b i l i t y  and control  charac te r i s t ics  and 
s t a l l i n g  behavior of t he  airplane.  Handling qua l i t i e s  are presented 
and compared with current A i r  Force-Navy handling-qualities speci- 
f ica t ions .  Also included i n  the  report f o r  possible use by organi- 
zations using t h e  DC-3 as a tes t  vehicle f o r  autopi lots  are some 
t rans ien t  -response data from which some o f  t he  frequency-response 
charac te r i s t ics  of  the  airplane were determined. 

Although t h e  Douglas DC-3 airplane w a s  designed before t h e  formu- 
l a t ion  of any handling-qualities requirements, it sa t i s f i ed  most of 
t he  specif icat ions f o r  i t s  type. Some of the  charac te r i s t ics  which 
did not s a t i s fy  the  requirements are as follows: The airplane w a s  
longi tudinal ly  unstable f o r  cer ta in  conditions of airspeed and center- 
of-gravity posit ion f o r  t he  power-on configurations; the specif ied 
maximum elevator-control-force gradient i n  maneuvers i n  most cases 
w a s  exceeded; the  rudder forces required t o  overcome t h e  adverse 
yaw i n  ai leron r o l l s  exceeded the  allowable l i m i t  o f  180 pounds; t he  
rudder and ai leron forces i n  steady s idesl ips  tended t o  l ighten a t  
t he  higher angles of s ides l ip  and the rudder forces ac tua l ly  reversed 
under some conditions. However, i n  sp i te  of t he  f e w  cases i n  which 
the  airplane did not sat isfy t h e  requirements, t he  p i l o t  thought 
t h a t  t he  airplane exhibited no serious f lying-qual i t ies  deficiencies 
and handled w e l l  i n  normal f l i g h t .  

INTRODUCTION 

Although a large number of Douglas DC-3 airplanes have been 
b u i l t  and widely used as t ransports  f o r  many years, only l imited 
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quant i ta t ive information i s  avai lable  on the  s t a b i l i t y  and control  
charac te r i s t ics  of t h e  airplane.  Early tes ts  of t h e  s t a l l i n g  
charac te r i s t ics  were conducted by the  NACA and by the  Br i t i sh ,  but 
reports  on these t e s t s  a re  not generally avai lable .  Since the  
majority of t ransport  p i l o t s  a re  familiar with the  cha rac t e r i s t i c s  
of t h i s  airplane,  quant i ta t ive information on i t s  handling qua l i t i e s  
would serve as a basis  f o r  comparison with t h e  handling qua l i t i e s  
of present and future  t ransports .  It w a s  therefore  proposed t o  con- 
duct a ser ies  of f l i g h t  tests t o  determine t h e  f ly ing  qua l i t i e s  of 
t he  DC-3.  

Many versions of t he  DC-3 have been used i n  commercial and 
mi l i t a ry  applications.  Variations which might a f f ec t  t h e  aerodynamic 
charac te r i s t ics  consisted pr inc ipa l ly  of u t i l i z i n g  d i f f e ren t  engines 
and of making minor ex terna l  changes. Since t h e  basic  design w a s  
t h e  same for a l l  mdels ,  it w a s  considered t h a t  t he  handling qua l i t i e s  
of t he  airplane used i n  the present study would be representat ive of 
t he  f ly ing  cha rac t e r i s t i c s  of a l l  models. 

It appeared reasonable t o  present t h e  r e s u l t s  of these f l i g h t  
tes ts  i n  a form su i t ab le  f o r  comparison with current A i r  Force-Navy 
handling-qualities specif icat ions ( r e f .  1). However, it should be 
rea l ized  t h a t  t he  DC-3 w a s  designed long before these requirements 
o r  t h e  ea r l i e r  NACA handling-qualities requirements w e r e  formulated. 
Any instances i n  which t h e  handling qua l i t i e s  of  t h e  DC-3 do not meet 
t he  exis t ing quant i ta t ive specif icat ions should not be interpreted 
as a f a i lu re  of t h e  a i rplane t o  meet standards recognized a t  the  t i m e  
of i t s  design. The out l ine  of t he  handling-qualities requirements 
i s  used simply as a convenient and log ica l  method of presenting the  
r e s u l t s .  This method of presentation w i l l  a id  i n  making comparisons 
with the  t e s t  r e s u l t s  of other a i rplanes.  

In  recent years, there  has been widespread i n t e r e s t  i n  automatic 
s t ab i l i za t ion  of airplanes i n  f l i g h t .  Since severa l  organizations 
have used t h e  DC-3 as a t e s t  vehicle f o r  au topi lo ts ,  some sample data  
showing the longi tudinal  and l a t e r a l  frequency-response cha rac t e r i s t i c s  
have a l s o  been included i n  t h i s  report .  Transient-response character-  
i s t i c s  are a l so  presented from which t h e  frequency response can be 
obtained f o r  other  conditions. 

DESCRIPTION OF AIRPLANE 

The Douglas DC-3 i s  a twin-engine, low-wing t ransport  a i rplane 
of a l l - m e t a l ,  semimonocoque construction with fabric-covered control  
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Rudder 

Aileron 

surfaces.  Several photographs of the airplane (model C-47B) are shown 
i n  f igure  1 and a three-view drawing with per t inent  dimensions i s  pre- 
sented i n  figure 2. 
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A l l  the  control  surfaces were s t a t i c a l l y  and aerodynamically 
balanced. The aerodynamic balance of t he  e leva tor  and rudder w a s  of 
t he  overhanging type, and t h a t  of the ai lerons w a s  of t he  Fr i se  type. 
T r i m  tabs w e r e  provided on the  rudder, both e leva tor  surfaces, and 
the  r igh t  a i leron.  Curves showing the  var ia t ion  of cockpit control  
posit ions with t h e i r  corresponding control-surface posit ions under 
no-load conditions are presented i n  f igure  3. 

The f r i c t i o n  i n  terms of control forces of t h e  elevator,  rudder, 
and a i le ron  control  systems w a s  measured i n  a closed hangar a t  about 
60° F. 
t h e  control  systems, t he  measured f r i c t ion  values included the  f r i c t i o n  
produced by these pis ton assemblies. 
t ab le ,  only the  rudder f r i c t ion  exceeded the  specif ied l i m i t s  of refer- 
ence 1: 

Since t h e  autopi lot  servo pistons were connected d i r e c t l y  in to  

However, as shown i n  the  following 

Maximum a1 lowable f r i c t i o n  
a t  neut ra l  deflection, l b  

58 

* 15 

+6 

The trail ing-edge s p l i t  f laps  were constructed of metal and were 
hydraulically actuated. The landing gear w a s  o f  t h e  conventional 
tail-wheel type with a t a i l  wheel t ha t  could swivel 360' or be locked 
i n  the  t r a i l  posi t ion from the  cockpit. The two main wheeis were 
hydraul ical ly  re t rac tab le  in to  the  engine nacel les  with only the  
bottoms of  the  wheels protruding whereas the  t a i l  wheel w a s  of t he  
fixed type. 
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General specif icat ions of the airplane,  obtained from reference 2, 
a r e  presented i n  t ab le  I. 

INSTRUMENTATION 

Standard NACA instruments were used i n  the DC-3 a i rplane f o r  the 
f l i g h t  tests.  
the center of gravi ty  and a l/l0-second timer synchronized a l l  the records. 
Control positions were determined by e l e c t r i c a l  control-posit ion recorders.  
The transmitt ing elements were mounted a t  the inboard bell-crank of each 
a i le ron  and a t  the elevator and rudder horns. 
measured with respect t o  the fixed surfaces t o  which they were attached. 
No corrections were made for  t w i s t  of the surfaces under load. Trim-tab 
measurements were made by reading the cockpit tab-posit ion indicators ,  

faces .  Control forces were measured with strain-gage equipment located 
on the rudder pedals and control wheel. 
a t  the end of a boom 1 chord ahead of the l e f t  wing t i p ,  w a s  used t o  record 
s ides l ip  angle. The s ides l ip  da ta  were not corrected f o r  angular i ty  i n  

used t o  determine normal, transverse,  and longitudinal accelerat ions.  
For p i l o t  reference, an indicating normal accelerometer w a s  mounted i n  
the cockpit. Rolling, pitching, and yawing angular ve loc i t ies  were deter-  

bank f o r  steady f l i g h t  conditions w a s  obtained from the readings of a 
recording inclinometer. Free-air  temperature w a s  determined from weather 
reports  and standard-atmosphere tab les .  

The recording instruments were mounted approximately a t  

Control-surface angles were 
I 

I which were cal ibrated t o  give tab  angles with respect t o  the  control sur- 
I 

A s ides l ip  t ransmit ter ,  located 

I the flow exis t ing a t  the  s ides l ip  vane. Recording accelerometers were 

I mined from t h e i r  respective angular-velocity recorders.  The angle of 

Airspeed w a s  measured with a Kollsman type 651 airspeed head mounted / 
a t  the end of a boom, 1 chord ahead of the r igh t  wing t i p .  The s t a t i c  
and t o t a l  pressures sensed by the Kollsman head were transmitted t o  a 
pressure recorder. The en t i r e  airspeed system w a s  cal ibrated f o r  posi- 
t i o n  error  by means of a t r a i l i n g  airspeed bomb. Calibrated airspeed 
as used herein corresponds t o  the  reading of a standard A-N airspeed meter 
connected t o  a P i to t - s t a t i c  system t h a t  i s  f r e e  from posi t ion e r ro r  and 
i s  defined by the formula 

G- vc = 45.08f0 

where Vc i s  i n  miles per hour, qc i s  the difference between t o t a l  

pressure and correct  s t a t i c  pressure i n  inches of water, and 
compressibility correction f ac to r  a t  sea l eve l  ( ref .  3).  

fo  i s  the 
J 
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TEST RESULTS AND DISCUSSION 

5 

The service airspeed system consisted of a pa i r  of P i to t - s t a t i c  
The heads mounted under the fuselage below the p i l o t ' s  compartment. 

s ta t ic-pressure l i nes  from both heads were joined together and connected 
t o  both the p i l o t ' s  and co-pilot 's  airspeed meters. 

These heads are  of a design which would be expected t o  experience 
e r ro r s  i n  the  s t a t i c  pressure due to  s ides l ip .  The location of the heads 
below the center l i n e  of the fuselage would be expected t o  increase fur ther  
the e r ro r s  due t o  s ides l ip ,  because the crossflow a t  t h i s  location i s  
increased by the presence of the fuselage. 

This system i s  subject t o  posit ion e r ro r s  which a re  shown i n  f igure 4 
f o r  various configurations of the airplane i n  s t r a igh t  and l a t e r a l l y  l e v e l  
f l i g h t .  A l s o  shown i n  f igure 4 are  curves which give the var ia t ion of 
cal ibrated airspeed with s ides l ip  angle f o r  values of indicated airspeed 
of 90 and 130 miles per hour. 
during which the p i l o t  held a constant indicated airspeed. The airspeed 
readings of the Kollsman head mounted on the wing-tip boom were corrected 
f o r  e r ro r s  due t o  s ides l ip  angle as determined from a previous wind-tunnel 
ca l ibra t ion .  

These da ta  were obtained i n  steady s ides l ips  

LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS 

Dynamic Longitudinal S t a b i l i t y  

Short-period longitudinal osc i l la t ions  were investigated i n  the 
rated-power clean condition a t  130 and 180 miles per hour f o r  each of 
two center-of-gravity posit ions a t  an a l t i t u d e  of about 5,000 f e e t .  
For these t e s t s ,  the  elevator control w a s  abruptly deflected from t r i m  
and released fo r  both pull-ups and push-downs. In  every case, osc i l la -  
t ions  of the elevator and normal acceleration were completely damped i n  
l e s s  than one cycle. 

Longitudinal frequency-response charac te r i s t ics  and t ransient-  
response data  a re  presented i n  a subsequent section of t h i s  report .  

S t a t i c  Longitudinal S t a b i l i t y  

The a i rp lane ' s  s tEt ic  longi tui inai  s t a b i l i t y  charac te r i s t ics  were 
determined a t  two center-of-gravity positions, approximately 13 and 25 per- 
cent mean aerodynamic chord with landing gear up. The rearward s h i f t  of 
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Figure 5 contains g-ats of the va r i a t  3n o elevator angle, elevator 
force,  and s ides l ip  angle with calibrated airspeed for  s t r a igh t  and l a t -  
e r a l l y  l e v e l  f l i g h t .  The dashed-line portions of the curves a t  low a i r -  
speeds were obtained from continuous s t a l l  approaches made separately 
from the  s t a t i c - s t a b i l i t y  t e s t s .  Test points obtained from these s ta l l  
approaches were omitted because the trim conditions were s l i g h t l y  d i f f e r -  
ent  from those used i n  the s t a t i c - s t a b i l i t y  t e s t s ,  and the curves were 
sh i f t ed  s l i g h t l y  t o  compensate for  t h i s  e f f ec t .  

From the data  presented i n  figure 5, the degree of s t ick-f ixed and 
s t ick-free s t a b i l i t y  of the airplane can be determined. The data were 
a l so  used t o  estimate the neut ra l  points of the airplane i n  the  various 
f l i g h t  conditions. Data on the neutral-point locations a re  not presented 
because i n  some cases they were located so f a r  from the t e s t  center-of- 
gravi ty  range t h a t  the locations could not be determined accurately.  
The neutral-point estimations were used, however, t o  determine the sta- 
b i l i t y  charac te r i s t ics  a t  the specified forward and rearward limits of 
the center-of-gravity range, 11 and 28 percent mean aerodynamic chord, 
respect ively.  These limits were only s l i g h t l y  beyond the t e s t  center- 
of-gravity locat ions.  

A discussion of the s t a t i c  longitudinal s t a b i l i t y  charac te r i s t ics  
of the DC-3 airplane follows: 

N o r m a l  r a ted  power, clean ( f i g .  5(a))  .- In  the normal-rated-power 
clean condition, the airplane was unstable, st ick-fixed, below about 
150 miles per hour, and unstable, st ick-free,  below the t r i m  speed 
(120 miles per hour) with the center of gravi ty  a t  25.5 percent mean 
aerodynamic chord. With the center of  gravi ty  at  i t s  rearward l i m i t ,  
neutral-point data show t h a t  the airplane would be unstable, st ick-fixed, 
throughout the speed range. The stick-fixed s t a b i l i t y  would be almost 
neutral ,  however, and the s t ick-free s t a b i l i t y  posi t ive when the airplane 
i s  trimmed a t  speeds near the n o m 1  cruising speed (160 miles per hour) 
with the center of gravi ty  at i t s  rearward l i m i t .  

Cruise ( f i g .  5 (b ) )  .- The airplane i n  the cruise  condition w a s  s table ,  
st ick-fixed, throughout the speed range and s table ,  s t ick-free,  above 
about 110 miles per hour with the center of gravi ty  a t  25.2 percent mean 
aerodynamic chord. Below 110 miles per hour, the airplane was unstable, 
s t ick-free,  but the requirements were sa t i s f i ed  because only p u l l  forces 
were required t o  lower the speed, Neutral-point data  show t h a t  the air- 
plane would be unstable, stick-fixed, below about 110 miles per hour with 
the  center of gravi ty  a t  i t s  rearward l i m i t .  

G l i d c ( f i g .  ? ( c ) )  .- I n  the glide conilition, tne airplane would be 
s t ab le ,  s t ick-f ixed,  throughout the speed range and s table ,  s t ick-free,  
above approximately-103 miies per  hour with the center of gravi ty  a t  
i t s  rearward l i m i t  as  determined from neutral-point data .  The neut ra l  
s t ick-free s t a b i l i t y  below lo5 m i l e s  per hour was sa t i s fac tory  because 
p u l l  f6rces were required. 
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Power approach ( f i g .  5( d) ) . - I n  the power-approach condition, the  
airplane was unstable, st ick-fixed, and neutral ly  s table ,  s t ick-free,  
below the trim speed of 100 miles per hour with the center of grav i ty  
at  25.8 percent mean aerodynamic chord. 
st ick-fixed, and s l i g h t l y  unstable, s t ick-free,  at values of airspeed 
below about 115 miles per hour with the center of gravi ty  a t  i t s . r e a r -  
w a r d  l i m i t .  

The airplane would be unstable, 

Landing ( f i g .  5 ( e ) ) . -  I n  the landing condition, the airplane would 
be s table ,  st ick-fixed and s t ick-free,  throughout the speed range with 
the center of gravi ty  at i t s  rearward l i m i t .  
of-gravity posit ion,  the elevator forces tended t o  l igh ten  near the s t a l l .  

A t  the  forward t e s t  center- 

General.- By comparing f igures  5(a) and 5(b) with f igure 3(c) ,  the  
destabi l iz ing e f f ec t  of power is  readi ly  apparent i n  the p l o t s  of elevator 
angle against cal ibrated airspeed. With power on, the lowering of f l aps  
and landing gear ( f i g .  5 (d) )  had l i t t l e  e f f ec t  on the s t ick-free s t a b i l i t y  
but resul ted i n  fur ther  loss of st ick-fixed s t a b i l i t y .  With the engines 
idl ing,  the st ick-fixed s t a b i l i t y  was increased with the extension of 
gear and f laps  ( f i g .  5 ( e ) ) .  The tendencies toward i n s t a b i l i t y  of the 
airplane a t  low speeds for  the power-on configurations were not considered 
serious by the p i l o t  because of the l i g h t  s t i c k  forces involved. 

The f l i g h t  charac te r i s t ics  of the DC-3 a t  cruising speeds were con- 
sidered very good by the p i l o t .  After trimming the airplane fo r  s t r a igh t  
and leve l  f l i g h t  at the higher speeds, it w a s  seldom necessary t o  provide 
corrective control  t o  maintain the  selected f l i g h t  path under normal 
atmospheric disturbances. 

The s t a l l  speeds indicated i n  f igure 5 f o r  the rearward center-of- 
gravi ty  posit ions were somewhat higher than those at  the forward posit ions,  
a charac te r i s t ic  contrary t o  normal expectations. However, t h i s  r e s u l t  
can be explained by the f a c t  t ha t  t e s t s  at  the rearward center-of-gravity 
posit ions were made at  gross weights on the order of 2000 pounds higher 
than those a t  the forward center-of-gravity posi t ions.  

I 

The da ta  fo r  the var ia t ion of s ides l ip  angle with airspeed, shown 
i n  figure 5, indicate approximately lo r igh t  s ides l ip  in high-speed 
f l i g h t  for  a l l  conditions. Steady-sideslip da ta  showed t h a t  t h i s  vane 
reading w a s  obtained when the l a t e r a l  acceleration, as  measured by the 
pendulum inclinometer, was zero. 
small i n  high-speed f l i g h t ,  a condition of zero l a t e r a l  accelerat ion 
would probably correspond closely t o  zero s ides l ip .  This s ides l ip  
reading is  therefore believed t o  be due t o  outflow at  the locat ion of 
the vane. 

Because slipstream e f fec t s  would be 
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Longitudinal Control 
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h n g i t u d i n a l  control i n  accelerated f l i gh t . -  The longitudinal sta- 
b i l i t y  and control  charac te r i s t ics  i n  accelerated flight were investigated 
i n  r i g h t  and l e f t  turns  made i n  the normal-rated-power clean condition 
a t  an a l t i t ude  of approximately 5000 f e e t .  Spot records were obtained 
i n  steady turns  at  100 and 180 miles per hour at various accelerat ions.  
Figure 6 presents curves of the variation of elevator control  force with 
change i n  normal acceleration a t  each speed f o r  two center-of-gravity 
posit ions,  while f igure 7 shows the  var ia t ion of elevator angle with 
airplane normal-force coeff ic ient  i n  the  turns .  

Throughout the t e s t  range o f  normal-force coeff ic ients  and accelera- 
t i ons  i n  r igh t  and l e f t  turns,  the  airplane w a s  s table ,  st ick-fixed and 
s t ick-free,  fo r  both forward and rearward center-of-gravity posi t ions.  
I n  a l l  cases, the maneuver points were well  behind the rearward center- 
of-gravity l i m i t .  The maximum elevator-control-force gradient i n  maneuvers 
as s t a t ed  i n  the requirements (60 pounds per g f o r  t h i s  a i rplane using 
a load factor  of 3) w a s  exceeded i n  most cases, especial ly  f o r  small 
values of acceleration. 

Longitudinal control  i n  landing.- The landing requirements were 
investigated a t  both forward and rearward center-of-gravity posi t ions.  
A time h is tory  of a typ ica l  three-point landing made with the center of 
gravi ty  at 14.2 percent mean aerodynamic chord i s  presented i n  f igure 8. 
It can be seen t h a t  the requirements were sa t i s f i ed ,  but only marginally 
so, i n  t ha t  almost maximum elevator and about 50 pounds of elevator force 
were used t o  land. For normal operating conditions, the landing charac- 
t e r i s t i c s  of the airplane are  considered t o  be adequate, but f o r  near- 
maximum gross weights and forward center-of-gravity posit ions,  three- 
point landings would be d i f f i c u l t  t o  make, especial ly  i n  view of the 
high s t i c k  forces t o  be expected as a r e s u l t  of the high degree of sta- 
b i l i t y  i n  the landing configuration at  landing speeds. 

Longitudinal control i n  take-offs.- A time h is tory  of a typ ica l  
take-off with f laps  up i s  shown i n  figure 9 with the center of gravi ty  
a t  26.5 percent mean aerodynamic chord. 
s i b l e  t o  assume take-off a t t i t ude  at 80 percent of the s t a l l i n g  speed 
f o r  the  landing condition would probably be s a t i s f i e d  at the rearward 
center-of-gravity l i m i t .  However, the requirement s t a t ing  t h a t  e levator  
push forces must not exceed 33 pounds i n  the take-off run w a s  not satis- 
f ied ,  inasmuch as forces on the order of 70 pounds were recorded f o r  
take-offs at  both forward and rearward center-of-gravity posi t ions.  

The requirement t h a t  it be pos- 

Jhngi+,cdinal triii control.- The var ia t ion with speed of the power 
of the elevator trimming tabs  i n  terms of control  force per degree of 
t ab  def lect ion i s  presented i n  figure 10 f o r  the normal-rated-power clean, 
gl ide,  and landing configurations. The requirements f o r  the longitudinal 
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Pitching Moment Due t o  Sidesl ip  

11 

The increment of elevator control force necessary t o  counteract the 
pi tching moment due t o  s ides l ip  produced by 50 pounds of rudder force 
at  the trim speeds of a l l  the configurations t e s t ed  was  i n  every case 
l e s s  than 10 pounds. Also, i n  general, an increasing p u l l  force was  
required with increasing s ides l ip .  

Longitudinal Frequency Response 

I n  order t o  o b t a b  data  on the longitudinal frequency-response 
charac te r i s t ics  of the  DC-3, several approximate s tep elevator deflec- 
t i ons  were made i n  the  normal-rated-power clean condition a t  indicated 
airspeeds of 100 and 180 miles per hour with the center of gravi ty  a t  
12.5 percent mean aerodynamic chord. Typical transient-response data 
are presented i n  f igure 11 f o r  pull-ups t o  various values of normal 
accelerat ion.  The time h is tory  of figure l l ( d )  was  used t o  determine 

t h e  frequency response of pitching velocity t o  elevator angle 0/6e 
of the DC-3 by means of the  Fouriertransform method and the r e s u l t  i s  
shown i n  f igure 12. 
reference 4. 

A description of t h i s  method is  avai lable  i n  

AND DIRECTIONAL STABILITY 

CONTROL CIlARACTERISTICS 

AND 

Dynamic Latera l  and Directional S t a b i l i t y  

The dynamic l a t e r a l  and direct ional  s t a b i l i t y  charac te r i s t ics  of 
the  airplane were investigated i n  the cruis ing condition a t  indicated 
airspeeds of 170 and 120 miles per hour.  For these t e s t s ,  the rudder 
was abruptly deflected and released, r i g h t  and lef t ,  and the ai lerons 
were abruptly deflected and released, r i g h t  and l e f t .  Typical time 
h i s t o r i e s  of rudder kicks are presented i n  f igure 13. 
resu l t ing  osc i l l a t ions  were sa t i s f ac to r i ly  damped, the  time required t o  
damp t o  one-half amplitude being on the order of one cycle.  There was 
no tendency f o r  undamped, small-amplitude osc i l l a t ions  t o  pe r s i s t ,  and 
both rudder and ai lerons returned t o  t h e i r  trim posit ions a f t e r  re lease  
with no tendency f o r  short-period osc i l la t ions .  

I n  a l l c a s e s ,  the 

h t e r a l  m d  d i rec t iona l  frequency-response cha rac t e r i s t i c s  obtained 
from transient-response data a re  presented i n  a subsequent section of 
t h i s  report .  
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Sideslip due t o  a i leron def lect ion and rudder def lect ion required 
t o  overcome adverse ai leron yaw.-  An attempt w a s  made t o  measure the - 
adverse y a w  due t o  a i leron def lect ion with rudder f ixed and the amount 
of rudder deflection required t o  overcome t h i s  adverse yaw i n  rolls out 
of 30' banked turns at  100 miles per hour i n  the  clean and power-approach 
configurations. Typical t i m e  h i s to r i e s  of these maneuvers are  presented 
i n  f igure 14. Rudder-fixed rol l -outs  i n  which the p i l o t  held the rudder 
pedals fixed i n  the posit ions required for the  i n i t i a l  steady turn  a re  
presented i n  the left-hand p lo t s  of f igures  14(a) and 14(b) .  
these maneuvers, the rudder moved from i t s  t r i m  posit ion so  as t o  oppose 
the roll-out, t ha t  is, t o  increase the adverse yaw, notwithstanding the  
f a c t  t ha t  the pedals were held fixed. This rudder movement w a s  due t o  
the strong tendency of the rudder t o  f l o a t  with the wind, coupled with 
s t r e t ch  i n  the  rudder control system. The p i l o t ' s  e f f o r t s  t o  use the  
rudder t o  maintain zero s ides l ip  during the rol l -out  are indicated i n  
the  right-hand p lo t s  of figures 14(a)  and 14(b). A s  can be seen, the  
p i l o t  w a s  unable t o  move the rudder more than a f e w  degrees i n  the direc- 
t i o n  necessary t o  counteract the adverse yaw even with pedal forces of 
about 170 pounds. I n  fac t ,  he w a s  quite unaware t h a t  the rudder moved 
only a fraction of the amount which he would expect from the  amount of 
rudder pedal movement tha t  he applied. 

During 

Frommaneuvers s i m i l a r  t o  those shown i n  f igure 14, the  data of 
f igure 15 were obtained. This figure shows the maximum change i n  side- 
s l i p  angle with change i n  t o t a l  a i le ron  angle f o r  several  roll-outs 
with the  rudder pedals held fixed, or  used i n  an e f fo r t  t o  maintain zero 
s ides l ip .  The angles of s ides l ip  developed i n  the rudder-fixed rolls 
never exceeded 20' and therefore s a t i s f i e d  the requirements. 
the  strong f loa t ing  tendency of the rudder prevented the p i l o t  from 
decreasing the adverse a i le ron  yaw by more than a few degrees when using 
the  rudder f o r  t ha t  purpose. 
would en ta i l  rudder forces w e l l  beyond a p i l o t ' s  capabi l i t i es .  
requirements specify 180 pounds as the  allowable l imi t . )  
of the rudder t o  overcome the  adverse yaw developed i n  r o l l s  out of turns  
and the high rudder forces involved did not s a t i s f y  the requirements. 
These character is t ics  would make coordinated turns  a t  low airspeeds 
d i f f i cu l t ,  i f  not impossible, t o  make, but the p i l o t  felt t h a t  the s l i p -  
ping and skidding involved i n  making turns  with t h i s  airplane were not 
objectionable. 

However, 

Decreasing the  adverse yaw any fur ther  
(The 

The i n a b i l i t y  

and C were estimated chcL h6 
The rudder hinge-moment derivatives 

from data similar t o  tha t  of f igure 14. 
of rudder hinge-moment coeff ic ient  with angle of a t tack  

The values of the  rate of change 
and with cha 
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Y 
were approximately -0.0030 and -0.0040 per degree, rudder def lect ion 

respectively.  However, the value of C decreased t o  approximately zero 

f o r  small (k3') angles of s idesl ip ,  a type of var ia t ion t h a t  i s  t o  be 
expected with low-aspect-ratio surfaces. It can be seen, therefore,  t h a t  
the large pedal forces due t o  s ides l ip  do not r e s u l t  from any abnormal 
hinge-moment charac te r i s t ics  of the rudder, but merely from the large 
area and chord of t h i s  surface.  

ch€i 

h, 

Sides l ip  character is t ics . -  The s ides l ip  charac te r i s t ics  of the air- 
plane were investigated i n  s t ra ight ,  steady s ides l ips  f o r  various con- 
f igurat ions a t  several  indicated airspeeds. 
a i leron,  elevator,  and rudder control deflections arid forces,  the angle 
of bank, and the angle of s ides l ip .  The r e su l t s  of these s ides l ips  are  
presented i n  f igures  16 t o  20. 

Records were taken of the 

Directional s t a b i l i t y :  The control-fixed s t a t i c  d i rec t iona l  sta- 
b i l i t y  as shown by the var ia t ion of rudder def lect ion with s ides l ip  angle 
w a s  posi t ive fo r  a l l  configurations tes ted .  The s ides l ip  angle w a s  always 
subs tan t ia l ly  proportional t o  the rudder def lect ion and therefore  the 
requirements were sa t i s f i ed .  

The control-free s t a t i c  d i rec t iona l  s t a b i l i t y  as shown by the vari-  

However, the rudder force lightened f o r  a l l  config- 
a t ion  of rudder force w i t h  s ides l ip  angle w a s  sa t i s fac tory  f o r  s m a l l  
angles of s ides l ip .  
urat ions a t  the  higher angles of s idesl ip ,  and i n  some cases the  force 
approached zero ( f i g s .  16(a), l 7 (a ) ,  and 18) . I n  f ac t ,  force reversa l  
(rudder overbalance o r  lock) was noted by the p i l o t  on runs corresponding 
t o  f igures  16(a) ,  l7(a), 18, and l9(a)  but the forces could not be meas- 
ured as the rudder pedal was against i t s  stop. 
force reversa l  and the corresponding lack of proport ional i ty  between 
rudder force and s ides l ip  angle at the higher angles of s ides l ip  did not 
s a t i s f y  the requirements. 

This tendency towards 

Dihedral e f f ec t :  The control-fixed dihedral e f f ec t  as evidenced by 
the  slope of the curve of t o t a l  a i leron angle with s ides l ip  angle w a s  
posi t ive i n  a l l  conditions a t  a l l  speeds. 
dihedral  angle of 5' outboard of the nacelle:, and i n  the gl iding con- 
d i t ion ,  the effecgive dihedral was about 6.3 . 
w h a t  t o  about 5.9 fo r  the normal-rated-power, cruising, and landing 
configurations and w a s  s t i l l  l e s s  (4.4') fo r  the power-approach condi- 
t i on .  For the clean, power-on conditions, the e f fec t ive  dihedral 
decreased somewhat at  the higher angles of s ides l ip  but never approached 
zero. 

The airplane had a geometric 

This value dropped some- 

The control-free dihedral  e f fec t  as shown by the var ia t ion of a i le ron  

However, at  the higher s ides l ip  
force with s ides l ip  angle was  posit ive f o r  angles of s ides l ip  between 
?loo fo r  a l l  the configurations tested.  
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angles, the forces lightened, but did not reverse. 
20(a) .) 
the s ides l ip  angles were high o r  the a i le ron  forces were small. 

(See f i g s .  l'7(a) and 
This force-lightening tendency w a s  not considered serious because 

Pitching moment due t o  s ides l ip :  This subject was discussed previ- 
ously and it was found tha t  the requirements were eas i ly  sa t i s f i ed .  
However, it might be pointed out t ha t ,  since the p i l o t  maintained constant 
indicated airspeeds while performing the steady s idesl ips ,  the cal ibrated 
airspeed decreased with increasing s ides l ip .  This, i n  par t ,  explains 
the f a c t  tha t  increasing up-elevator angle i s  required with increasing 
s ides l ip  angle, especial ly  at  the lower airspeeds. 

Side-force charac te r i s t ics :  The side-force charac te r i s t ics  of the 
airplane were found t o  s a t i s f y  the requirements as  shown by the posi t ive 
var ia t ion of the angle of bank with s ides l ip  angle for  a l l  the conditions 
tes ted .  

Lateral  and Directional Control 

Directional trim character is t ics . -  The d i rec t iona l  t r im character- 
i s t i c s  were investigated i n  s t r a igh t  and l a t e r a l l y  l eve l  f l i g h t .  The 
requirement t h a t  the rudder control s h a l l  give suf f ic ien t  d i rec t iona l  
control t o  t r i m  the airplane i n  steady l eve l  flight a t  a l l  speeds and 
i n  a l l  conditions was . sa t i s f ied .  

Rudder control i n  take-off and landing.- The rudder control  was 
adequate for  normal take-offs and landings ( f i g s .  8 and 9) and the p d d e r  
forces were reasonable. 
wind, but it i s  considered tha t  the rudder control would be suf f ic ien t  
t o  s a t i s fy  the requirements. 

No take-offs o r  landings were made i n  a 90" cross 

Rudder deflection required t o  overcome adverse ai leron yaw.- The 
a b i l i t y  of the rudder t o  overcome the yawing moment due t o  f u l l  ai leron 
deflection with a control-force increment of l e s s  than 180 pounds w a s  
discussed previously and was found t o  be inadequate. 

Single-engine operation.- The following tests were made t o  determine 
the handling charac te r i s t ics  with one engine inoperative: 

Uncontrolled a t t i t ude  changes with asymmetric power: A t e s t  was 
made t o  determine the time it would take t o  reach a dangerous a t t i t ude  
i f  no corrective control were applied upon the complete loss of power 
of t he  r ight  engine. Time 
h is tor ies  of t h i s  maneuver with and without corrective control  a re  
presented i n  figure 2 1  f o r  the airplane i n i t i a l l y  i n  the take-off con- 
figuration: 

the controls held fixed. Calculations showed t h a t  the angle of bank, 

(Propeller windmilling and i n  low p i t c h ) .  
0 

ge= down, f laps  up, and f u l l  take-off power. About 8 sec- 
onds were required t o  reach a dangerous a t t i t ude  with no correction and JJ 
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not presented in  the figure,  reached a value of approximately 54' before 
recovery was s t a r t ed .  
f o r  the p i l o t  t o  cope with the emergency and be able t o  recover. 
ure 21(b) shows the same maneuver with corrective control applied immedi- 
a t e l y  t o  keep the airplane f ly ing  s t ra ight  and l a t e r a l l y  l eve l .  

It i s  f e l t  that  8 seconds provides adequate time 
Fig- 

Directional and l a t e r a l  control power: A se r ies  of t e s t s  were made 
with one engine inoperative t o  determine the minimum speed a t  which the 
airplane could s t i l l  be flown with zero s ides l ip  and bank. 
plane trimmed i n  the take-off configuration a t  an indicated airspeed of 
90 miles per hour, the p i l o t  cut the r igh t  engine a t  an airspeed of 
110 miles per hour. 
per hour while maintaining zero s ides l ip .  
the  requirement t ha t  the rudder be capable of holding the airplane with 
zero yawing veloci ty  and not more than 5' of bank at  a l l  speeds above 
85 miles per hour i n  tha t  configuration w a s  s a t i s f i ed .  

With the air- 

He was then able t o  decrease the airspeed t o  90 m i l e s  
Therefore, it i s  believed t h a t  

I n  the above se r i e s  of asymmetric-power t e s t s ,  the low (13 pounds) 
value of a i leron force required t o  balance the airplane e a s i l y  s a t i s f i e d  
the  requirements, whereas the rudder force required w a s  marginal 
(180 pounds) . 

Directional and l a t e r a l  trim character is t ics :  I n  order t o  determine 
the power of the rudder t r i m  t ab  under asymmetric power conditions, the 
ai rplane w a s  trimmed i n  the take-off configuration at  a cal ibrated air- 
speed of 97 miles per hour. 
the  trim tab could reduce the rudder pedal forces t o  zero f o r  a cal ibrated 
airspeed as  low as  about IO0 miles per hour i n  wings-level s t r a igh t  f l i g h t .  
A t  the same time, about half the available a i le ron  trim tab  w a s  used t o  
reduce the a i le ron  forces t o  zero. 
trim-tab requirements for  single-engine operation were considered t o  be 
s a t  is  f ied  . 

With the r i g h t  engine cut, it w a s  found that 

Therefore, the rudder and a i le ron  

The requirement t h a t  the airplane with rudder f r ee  may be balanced 
d i rec t iona l ly  i n  steady s t r a igh t  f l i g h t  by sideslipping and banking with 
one engine inoperative i n  the clean configuration was not investigated.  
However, from the data determined i n  previous t e s t s ,  it is  f e l t  t h a t  by 
s l ipping and banking, the airplane can be flown with the rudder f r ee  f o r  
a ca l ibra ted  airspeed as  low as 110 miles per hour, thus sa t i s fy ing  the 
requirement. 

Power of rudder and a i le ron  trimming tabs.-  The l a t e r a l  and direc- 
t i o n a l  trim tabs  were suf f ic ien t ly  powerful t o  t r i m  the control  forces 
t o  zero throughout the speed ranges i n  steady s t r a igh t  f l i g h t  with both 
engines operating. The trim-tab requirements were eas i ly  met. 

Rolling moment due t o  s idesl ip . -  The time h i s t o r i e s  of t yp ica l  r o l l s  
out of tu rns  presented i n  f igure 14 show t h a t  %he adverse yaw never caused 
the  ro l l i ng  veloci ty  t o  reverse, and thus the requirements were sa t i s f i ed .  
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Aileron control character is t ics . -  The a i le ron  control  charac te r i s t ics  
were investigated i n  abrupt rudder-pedal-fixed a i le ron  r o l l s  a t  various 
speeds with the airplane i n  the norkl-rated-power clean and landing con- 
figurations.  
the clean condition are presented i n  figure 22. 

Typical time h i s to r i e s  of the  rolls with the airplane i n  

The aileron control charac te r i s t ics  of the  ai rplane may be summarized 
as follows: 

(a) The var iat ion of the  angle of bank with time immediately fo l -  
lowing an abrupt a i leron deflection w a s  always i n  the  correct  direct ion.  

(b) The peak value of ro l l i ng  acceleration never occurred la ter  
than 0.3 second a f t e r  f u l l  a i le ron  def lect ion w a s  reached i n  the rudder- 
f ixed rolls t es ted .  

( c )  The var ia t ion of maximum ro l l i ng  veloci ty  with change i n  t o t a l  
a i le ron  angle obtained i n  abrupt a i leron r o l l s  f o r  various conditions i s  
presented in  f igure 23. 
varied smoothly with and w a s  approximately proportional t o  the  a i le ron  
deflection. 

It can be seen t h a t  the  maximum ro l l i ng  veloci ty  

(d) The aileron-effectiveness parameter pb/2V and the aileron- 
force variations with change i n  t o t a l  a i le ron  angle are shown i n  f ig-  
ure 24 f o r  various conditions. The minimum acceptable peak ro l l i ng  rate 
of 0.07 was eas i ly  obtained f o r  the conditions specif ied i n  the require- 
ments. It should be noted tha t ,  even though the p i l o t  used f u l l  wheel 
throw,  f u l l  available a i leron angle i s  not obtained because of s t r e t ch  
i n  the control cables. A s  the  airspeed increases, less a i le ron  angle 
i s  obtained. As shown i n  f igure 3, the  maximum wheel throw w a s  180'. 
Therefore, the requirement t h a t  the wheel throw should not exceed 120' 
t o  obtain the required rate of roll w a s  not s a t i s f i ed .  

The a i le ron  control force varied smoothly with a i le ron  def lect ion 
and there w a s  no tendency f o r  the ai lerons t o  shake, snatch, o r  over- 
balance for a l l  the conditions tested.  I n  the  normal-rated-power clean 
configuration ( f i g .  24(a)),  the  a i leron control  force required t o  obtain 
a of 0.07 w a s  only s l l gh t ly  more than the allowable of 80 pounds 
for  airspeeds above about 160 m i l e s  per hour. 

pb/2V 

Lateral and Directional Frequency Response 

In order t o  obtain data on the lateral frequency response character- 
i s t i c s  of the  DC-3, several s tep  a i le ron  def lect ions were made i n  the 
normal-rated-power clean condition a t  various speeds. Typical t ransient-  
response da ta  are  presented i n  figure 22 fo r  r i g h t  and l e f t  r o l l s .  
la teral  frequency response of ro l l i ng  veloci ty  t o  a i leron angle 

The 

aT $ / s  
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of the  DC-3, as determined by the Fourier transform method, is  presented 
i n  f igure 25. A description of t h i s  method i s  avai lable  i n  reference 4. 

Similarly,  several  rudder kicks were performed i n  the normal-rated- 
power clean condition a t  various airspeeds t o  determine the d i rec t iona l  
frequency response. 
f igure  13 fo r  l e f t  rudder kicks a t  two airspeeds.  
f igure  l3(b)  w a s  used t o  d:termine the frequency response of yawing 
veloci ty  t o  rudder angle $/€$ and the r e su l t s ,  as obtained by means 

of t he  Fourier transform method, are shown i n  f igure 26. 

Typical transient-response data are  presented i n  
The time h is tory  of 

STALLING CHARACTERISTICS 

Typical time h i s to r i e s  of s ta l l  approaches and s t a l l s  i n  s t r a igh t  
and l e v e l  f l i g h t  of the Douglas DC-3 airplane i n  various configurations 
a re  presented i n  f igure 27. For the power-on conditions, the  l e f t  wing 
dropped abruptly and the nose f e l l  a t  the stall,  whereas w i t h  the  engines 
idl ing,  there seemed t o  be l i t t l e  tendency f o r  the airplane t o  roll and 
the  nose pitched down slowly. 
noted by the p i l o t  ( f i g .  27(b) ) .  
e ry  procedure was used t o  regain control of the airplane.  
made t o  determine the loss of a l t i tude  before recovery w a s  completed, 
but f o r  the power-on s t a l l s  with the airplane ro l l i ng  abruptly, consider- 
able a l t i t ude  was required before control could be regained. 

Isolated cases of a i le ron  snatch were 
For a l l  conditions, normal s ta l l  recov- 

No t e s t s  were 

The p i l o t  considered tha t  there w a s  adequate s ta l l  warning provided 
by airframe buffeting which he could. detect  a t  speeds well  above the 
s t a l l i n g  speed f o r  a l l  configurations and power conditions t e s t ed .  
buffet ing increased i n  in tens i ty  as the  s t a l l  w a s  approached, and w a s  
considered very severe i n  the power-off conditions. The buffet ing i s  
not very apparent i n  the instrument records, except f o r  some indication 
during the s ta l l  i n  the power-off conditions ( f i g s .  27(c) and ( e ) ) .  
Probably the buffet ing was of such frequency that it could not be measured 
by these instruments. 

The 

The conclusion with regard t o  s t a l l  warning i n  the present t e s t s  
i s  a t  variance with t h a t  s ta ted  i n  previous unpublished tests by the NACA. 
These t e s t s  were conducted i n  1937 with an e a r l i e r  model of the DC-3 
which had l e s s  powerful engines and d i f fe ren t  engine cowlings, but which 
was otherwise similar t o  the airplane used i n  the present t e s t s .  The 
conclusion of the e a r l i e r  t e s t s  was  t h a t  the  s t a l l i n g  charac te r i s t ics  
i n  the power-on corrditicrn were dangerous because of lack of arieqmte 
s ta l l  warning. 
from the s l i g h t  change i n  configuration, it i s  considered more l i k e l y  
t h a t  t h i s  difference of opinion over a span of years i s  caused by the 

While an ac tua l  difference i n  charac te r i s t ics  may r e s u l t  
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manner i n  which t e s t  p i l o t s  evaluate the stalling charac te r i s t ics  of a 
par t icu lar  airplane i n  terms of the many d i f f e ren t  types w i t h  which they 
are  f a m i l i a r .  A t  the present time, t e s t  p i l o t s  are  accustomed t o  f ly ing  
high-speed a i r c r a f t  which frequently have marginal s t a b i l i t y  and s t a l l i n g  
character is t ics ;  whereas, a t  the time the DC-3 w a s  f i r s t  introduced, 
p i l o t s  were f a m i l i a r  with biplanes which generally had good s t a b i l i t y  
and s t a l l i ng  charac te r i s t ics .  
regard t o  stall warning, the r e s u l t s  of the two s e t s  of t e s t s  a r e  i n  good 
agreement. 
or force during power-on s ta l l  approaches due t o  the small degree o f  
longitudinal s t ab i l i t y ,  especial ly  at the rearward center-of-gravity 
locat ion.  This lack of control  "feel" w a s  not considered too objection- 
able by the p i l o t  i n  the present t e s t s ,  but w a s  a major c r i t i c i sm of the  
p i l o t s  conducting similar s tudies  i n  1937. 

Aside from the difference of opinion with 

Both s e t s  of r e s u l t s  show very l i t t l e  change i n  elevator angle 

CONCLUSIONS 

Even though the Douglas DC-3 airplane was designed and b u i l t  p r io r  
t o  the formulation of any of the quant i ta t ive handling-qualities require- 
ments, the f l i g h t  charac te r i s t ics  s a t i s f i e d  most of the  specif icat ions,  
and thus the airplane compares favorably with more recent a i rplanes 
of i t s  type. 
which did not s a t i s f y  the current A i r  Force-Navy handling-qualities 
specifications should be mentioned and are  as follows: 

However, some of the more important f l i g h t  charac te r i s t ics  

1. I n  the normal-rated-power clean configuration, the  airplane would 
be unstable, st ick-fixed, throughout the speed range and unstable, s t ick-  
free, below the trim speed (120 miles per hour) w i t h  the center of gravi ty  
at  i t s  rearward l i m i t  (28 percent mean aerodynamic chord); however, when 
trimmed at speeds near the normal cruising speed (160 miles per hour), 
the st ick-fixed s t a b i l i t y  would be almost neut ra l .  

2.  The airplane i n  the power-approach condition would be unstable, 
stick-fixed and s l igh t ly  unstable, s t ick-free,  a t  values of airspeed 
below about 115 miles per hour w i t h  the center of gravi ty  at i t s  rear- 
ward limit. 

3.  The specified maximum elevator control-force gradient i n  maneuvers 
(60 pounds per g) was  exceeded i n  most cases, especial ly  a t  small values 
of acceleration. 

4.  The rudder forces required t o  overcome the adverse a i le ron  yaw 
developed i n  rolls out of tu rns  exceeded the allowable l i m i t  of 180 pounds. 
Because of the high rudder forces,  the p i l o t  was unable t o  def lec t  the 
rudder enough t o  overcome the adverse yaw with large a i le ron  def lect ions.  
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5 .  The rudder and aileron forces i n  steady sidgslips tended t o  
l ighten for  angles of s idesl ip  larger than about 10 . 
rudder overbalance were also noted by the p i l o t  a t  the higher angles of 
s ides l ip .  

A few cases of 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., June 29, 1953. 
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TABU I 

GENERAL SPECIFICATIONS OF THE AIRPLANE 

Make and designation . . . . . . . . . . . .  Douglas DC-3 (Model C-47B) 

Engines (two) . . . . . . . . .  Prat't and Whitney R-1830-90c Twin Wasp 

Power ratings : 
Take off and mil i tary 
(1200 bhp), each . . . . . . . .  2700 r p m  a t  48 in .  Hg at sea l e v e l  

(automatic r ich)  
M a x i m u m  continuous . . . . . .  2550 rpm a t  43 in .  Hg o r  f u l l  t h ro t t l e  

(automatic r ich)  

Propellers (two) . . . . . . . .  Hamilton standard 3-bladed hydromatic 
quick-feathering with constant- 
speed control 

Hub number . . . . . . . . . . . . . . . . . . . . . .  Hamilton 23350 
Blade number . . . . . . . . . . . . . . . . . . . .  6477 A-0 (wide) 
Blade angle set t ing,  deg . . . . . . . . . . . . . .  88 high; 16 low 
Diameter, f t  . . . . . . . . . . . . . . . . . . . . . . . . .  11.58 
Reduction-gear r a t io  . . . . . . . . . . . . . . . . . . . . . .  16 :9 

Fuel capacity, gal:  
Main tanks (front)  (two), each . . . . . . . . . . . . . . . . .  202 
Auxiliary tanks ( rear )  (two), each . . . . . . . . . . . . . . . .  200 

O i l  capacity, gal:  
Nacelle tanks (two), each . . . . . . . . . . . . . . . . . . . .  29 

Permissible center-of-gravity range, percent M.A.C. . . . . .  11 t o  28 

Gross weights, lb :  
Design . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26,000 
Maximum (l imited by single-engine 

operation) . . . . . . . . . . . . . . . . . . . . . . . . .  33,000 
Recommended ( for  normal operation) . . . . . . . . . . . . . .  29,000 
Maximum w e i g h t  f o r  present t e s t s :  

Forward center of gravity . . . . . . . . . . . . . . . . .  24,700 
Rearward center of gravity . . . . . . . . . . . . . . . . .  26,600 

Load factors:  
Desiglllimit . . . . . . . . . . . . . . . . . . . . . . . . .  . 3 .00  
Maximum-gross-weight l imi t  . . . . . . . . . . . . . . . . . . .  2.33 
Landing (at max. gross weight) . . . . . . . . . . . . . . . . .  2.95 
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TMlE I .- Continued 

GENERAL SPECIFICATIONS OF THE AIRPLANE 

Wings : 
Area, s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  988.9 
S p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  9.13 
Ai r fo i l  section, root . . . . . . . . . . . . . . . . . . .  NACA 2215 
Air fo i l  section, t i p  . . . . . . . . . . . . . . . . . . .  NACA 2206 
Mean aerodynamic chord, in .  . . . . . . . . . . . . . . . . . .  138.1 
Longitudinal distance from leading 

edge of root chord t o  leading 
e@e of mean aerodynamic chord, in .  . . . . . . . . . . . . .  31.9 

Root chord, in .  . . . . . . . . . . . . . . . . . . . . . . . . .  170 
Tip chord (30 i n .  inboard of actual 

t i p ) ,  i n . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  56 
Incidence, deg . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Dihedral (measured a t  t i p  of front beam), 

deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ?  
Sweepback (outer wing panel), deg . . . . . . . . . . . . . . .  15.5 

Wing f laps  ( s p l i t ,  trailing edge) : 
Area, t o t a l ,  sq f t  . . . . . . . . . . . . . . . . . . . . . . .  82 

Deflection, maximum down, deg . . . . . . . . . . . . . . . . . .  45 
Span, in .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  499 

Ailerons (Frise) : 
Area, t o t a l ,  sq f t  . . . . . . . . . . . . . . . . . . . . . .  104.7 
Length, each, in .  . . . . . . . . . . . . . . . . . . . . . . . .  291 

Trimming-tab deflection range, (deg 
Trimming-tab area ( r igh t  a i leron) ,  sq f t  . . . . . . . . . . .  1.91 

from aileron) . . . . . . . . . . . . . . . . .  12.3 r igh t  wing up 
11.9 right wing down 

Horizontal ta i l :  
Area, t o t a l ,  s q f t  . . . . . . . . . . . . . . . . .  
Span, i n . .  . . . . . . . . . . . . . . . . . . . . .  

s q f t . .  . . . . . . . . . . . . . . . . . . . . .  
(deg from elevator) . . . . . . . . . . . . . . . .  

Elevator area, t o t a l  (including tabs) ,  

Elevator trimming-tab area, t o t a l ,  sq f t  . . . . . .  
Elevator trimming-tab deflection range 

Dihedral, deg . . . . . . . . . . . . . . . . . . . .  
Incidence, deg . . . . . . . . . . . . . . . . . . .  

. . . . .  179.2 . . . . .  .320 

. . . . .  83.4 . . . . . .  3.6 

11.4 nose up t o  
10.2 nose down . . . . . . .  0 . . . . . .  . o  
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TABLE I .- Concluded 

GENEEAL SPECIFICATIONS OF THE AIRF'LANE 

NACA TN 3088 

I 

Vertical  t a i l :  
Area, t o t a l ,  sq f t  . . . . . . . . . . . . . . . . . . . . . . .  84.5 
Offset from thrust  axis, deg . . . . . . . . . . . . . . . . . . .  0 
Rudder area, including tab, sq f t  . . . . . . . . . . . . . . .  46.6 
rudder trimming-tab area, sq f t  . . . . . . . . . . . . . . . .  3.0 

. . . . . . . . . . . . . . .  2 . 5  nose r igh t  t o  
Rudder trimming-tab deflection range 

(deg from rudder) 
12.2 nose l e f t  

A 
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(a) Normal-rated-power clean configuration. 

Figure 5 .  - Static longitudirial stability characteristics cf t h e  
Douglas E - 3  airplane f o r  various configurations. 
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(b)  Cruise configuration. 

Figure 3 .  - Continued. 

?O 
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( c )  Glide configuration. 

33 

Figure 5.- Continued. 
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(d) Power-approach configuration. 

Figure 3 .  - Continued. 
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60 80 IO0 120 140 I60 180 ZOO 
Cu/ibrated airspeed, , miles per hour 

(e  j Landing configurat Ion. 

Figure 7. - Concluded. 
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0 E 
C.9. a t  13 % M.A.C. 

0 Riyht turns 
0 Lef t  turns 

40 

20 

O (  

C.9 af /3 % M.AL 

0 .4 .B I. 6 0 ,4 .8 

Chonge in normal acceleration , y 
* 

(a) V i  = 180 mph. (b) V i  = 100 mph. 

Figure 6.- Variation of elevator wheel force w i t h  change i n  normal accel-  
e r a t i o n  f o r  constant-speed turns  made with t h e  Douglas DC-3 airplane 
i n  the  normal-rated-power clean condition. 
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Cg af 253 % M.A.C. 

at 254 % M.A.C. 

Right  turns 
L e f t  t u r n s  c.9 at  130 % M.A.C. 

J6 
M. A.C. 

B 

4 

0 
0 .4 .B 0 .4 .B /.z /.6 

IVmvnul- force coefficient , Cn/ 

(a)  V i  = 180 mph. (b) V i  = 100 mph. 

F i g ~ p  7 ;  - V ~ r i ~ t i ~ n  of d e ~ n t . o r  angle w i t h  norma.l-force coefficient for 
constant-speed turns  made w i t h  the Douglas DC-3 airplane i n  the  normal- 
rated-power clean condition. 
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Figure 8.- T h e  his tory of a typ ica l  landing of a Douglas X-3 airplane.  
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Figure 9.- Time his tory of a typical  take-off of a Douglas DC-3 airplane. 
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(a) V i  = 100 mph. (b) V i  = 180 mph. ( e )  V i  = 100 mph. (a) Vi = 180 mph. 

Figure 11.- Typical time h i s to r i e s  of responses t o  s tep  elevator  def lect ions 
made with the  Douglas DC-3 airplane i n  the clean configuration. 
of-gravity posit ion,  12.3 percent M.A.C.; gross weight, 23,000 pounds; 
a l t i t u d e ,  5,000 f e e t .  

Center- 
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20  

-80 
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A n g u l a r  f r e q u e n c y  , u, rud/sec 

Figure 12.-  Frequency response of pitching velocity t o  e levator  deflection 
of a Douglas DC-3 airplane i n  the  clean condition a t  an indicated air-  
speed of 180 mph. Center-of-gravity posit ion,  12.5 percent M . A . C .  
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(a) V i  = 120 mph. (b) V i  = 170 mph. 

Figure 13. -  Typical time h i s to r i e s  of rudder kicks made with t h e  
Douglas DC-3 a i rplane i n  the  cruise configuration. Center-of-gravity 
posit ion,  13.0 percent M.A.C.; gross weight, 24,000 pounds; a l t i t ude ,  
6,000 feet .  
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(a)  Clean condition. (b )  Power-approach condition. 

Figure 14.-  Typical time h i s to r i e s  of r igh t  r o l l s  out of 30' banked turns  
at  an indicated airspeed of 100 mph f o r  t he  ljouglas DC-3 i n  two 
configurations. 
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Lef t  Rlghf 
Sideslip ung/e , deg 

(a) V i  = 130 mph. 

Rudder 
Total aileron 
€/e vu t o r  

Figure 16.- Sidesl ip  charac te r i s t ics  of the  Douglas DC-3 airplane i n  the  
normal-rated-power clean condition. 
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(b) Vi = 180 mph. 
4 

Figure 16. - Concluded. 

Rudder 
To tu f aileron 
Elevator 

It 



48 NACA 'I" 3088 

.. 

(a) V i  = 130 mph. 

Figure 17.- Sidesl ip  charac te r i s t ics  of the  Douglas DC-3 airplane i n  the  
cruis ing condition. e 
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Rudder- 
%tu/ aileron 
€ / e  va i o  r 

. (b) Vi = 180 mph. 

Figure 17. - Concluded. 



Figure 18.- Sideslip charac te r i s t ics  of t he  Douglas DC-3 airplane i n  
gliding configuration a t  an airspeed of V i  = 113 mph. 

t h e  
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Rudder 
T O ~ G  J ai/eron 
€leva t o r  

(a) Vi = 95 mph. 

Figure 19.- Sideslip characteristics of the Douglas DC-3 airplane in the 
power-approach condition. 
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(b) Vi = 110 mph. 

Figure 19.- Concluded. 
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N e  vu t o r  
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(a) Vi = 90 mph. 

Figure 20.- Sidesl ip  characteristics of the Douglas iX-3 i n  tile hlidiiig 
condition. 
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(b) Vi = 110 mph. 

Figure 20.- Concluded. 
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(a) No corrective control applied. 

Figure 21.- Time h i s to r i e s  of the  motions resul t ing from t h e  loss i n  power 
OT tile r i@ik  engirle (prupei ier  w i i i b i l l i i i g  aiid in IOW pitcli) of the 
Douglas DC-3 airplane while i n  the take-off configuration. 
f l aps  up; take-off power. 

Gear down; 
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(b) Corrective control applied. 

Figure 21.- Concluded. 
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Figure 22.- Typical time h i s to r i e s  of abrupt rudder-fixed l e f t  and r igh t  
a i l e ron  r o l l s  made with the  Douglas DC-3 a i rplane i n  the  clean config- 
uration. 
24,000 pounds; a l t i t ude ,  5,000 f ee t .  

Center-of-gravity position, 12.4 percent M.A.C.; gross weight, 
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(a) Landing configuration. 
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(b) Normal-rated-power clean configuration. 

Figure 23.- Variation of maximum rolling velocity with total aileron 
angle for various conditions of the Douglas DC-3 airplane. 
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(b) Landing conf'igurat ion. 

Figure 24.- Concluded. 
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Figure 23. - Frequency response of ro l l i ng  veloci ty  t o  a i le ron  def lect ion 
of a Douglas DC-3 airplane i n  the clean condition a t  an indicated 
airspeed of 160 mph. 
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Figure 26 .- Frequency response of yawing veloci ty  t o  rudder def lect ion 
of a Douglas E - 3  airplane i n  the  clean condition a t  an indicated 
airspeed of 170 mph. 
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(a) Normal-rated-power clean condition with center of gravity 
at  24.9 percent M .A .  C . 

Figure 27.- Time h i s to r i e s  of s t ra ight  and l eve l  stalls  of t he  Douglas DC-3 
airplane i n  various configurations and at  a gross weight of 24,850 pounds. 
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(b) Cruise condition with center of gravi ty  a t  24.8 percent M . A . C .  

Figure 27.- Continued. 
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(c)  Glide condition w i t h  center of gravi ty  a t  24.8 percent M.A.C. 

Figure 27. - Continued . 
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(d)  Power-approach condition with center of gravi ty  a t  25.5 percent M.A.C. 

Figure 27. - Continued . 
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( e )  Lacdi-n-g conditior, w i t h  center  

Figure 27.- 

of gravity at 25.6 percent M.A.C. 

Concluded. 


